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Description
Technical Field

[0001] The present invention relates to a manufactur-
ing method of a structure and a manufacturing apparatus.

Background Art

[0002] In recent years, modeling of an intricately-
shaped three-dimensional object designed using a com-
puter has become popular. There is a great need in the
field of manufacturing of a wide variety of products in
relatively small quantities, for example, minute machine
parts, and exhibition samples of houses and foods.
[0003] As an example of such a method for making a
three-dimensional object, a method is known in which a
material to be a three-dimensional object is stacked in
layers and a final structure is manufactured.

[0004] In PTL 1, after a layer of the shape of a part of
a three-dimensional object is formed, a material to be a
support is provided so as to surround this layer, and pat-
terning is performed. A support member (support) is
thereby formed, and more material to be the three-di-
mensional object is stacked on the layers of the support
and the three-dimensional object in the process of for-
mation. Such a method is disclosed.

Citation List
Patent Literature

[0005] PTL 1: US2001/0042598

Summary of Invention
Technical Problem

[0006] However, in the method of PTL 1, the layer of
the support and the layer of the three-dimensional object
are made in different processes and of different materi-
als, and therefore it is difficult to equalize the thickness
of both layers in the process of formation. Since the
amount of volume change due to the effect of tempera-
ture or the like varies depending on the material, it is
supposed that the layer thickness differs between the
layer to be the three-dimensional object and the layer of
the support. In an object formed by stacking layers having
different thicknesses, distortion is caused by the differ-
ence in layer thickness described above, and there is
fear that the desired final shape of the three-dimensional
object cannot be obtained.

Solution to Problem
[0007] The presentinvention provides a manufacturing

method by which a structure formed is provided so as to
surround this layer, and patterning is performed. A sup-
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port member (support) is thereby formed, and more ma-
terial to be the three-dimensional object is stacked on
the layers of the support and the three-dimensional object
in the process of formation. Such a method is disclosed.

[Citation List]
[Patent Literature]

[0008] [PTL 1]

US2001/0042598. A further document cited is
WO96/11117 which discloses a method and apparatus
for forming a three-dimensional object from laminations.

[Summary of Invention]

[0009] Aspects of the present invention are provided
by the appended independent claims.

[Technical Problem]

[0010] However, in the method of PTL 1, the layer of
the support and the layer of the three-dimensional object
are made in different processes and of different materi-
als, and therefore it is difficult to equalize the thickness
of both layers in the process of formation. Since the
amount of volume change due to the effect of tempera-
ture or the like varies depending on the material, it is
supposed that the layer thickness differs between the
layer to be the three-dimensional obj ect and the layer of
the support. In an obj ect formed by stacking layers hav-
ing different thicknesses, distortion is caused by the dif-
ference in layer thickness described above, and there is
fear the manufacturing method of a structure in the stack-
ing modeling apparatus according to a third embodiment
of the present invention.

Description of Embodiments

[0011] Embodiments of the present invention will be
described below with reference to the drawings.

First embodiment

[0012] Figs. 1A and 1B are schematic diagrams show-
ing an example of a stacking modeling apparatus that is
a manufacturing apparatus performing a manufacturing
method of an object that is a three-dimensional structure,
according to a first embodiment of the present invention.
Fig. 1B is a perspective view of the whole apparatus, and
Fig. 1A is a sectional view of the apparatus taken along
line IA-IA of Fig. 1B perpendicularly to the surface of an
intermediate transfer member 1. The intermediate trans-
fer member 1 is conveyed by a conveyance mechanism
2. In Figs. 1A and 1B, patterning of a three-dimensional
object is performed on the intermediate transfer member
1 disposed like a belt, the pattern is conveyed by the
conveyance mechanism 2 to the position of a modeling
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table 8, and is stacked into the three-dimensional object
here. On the intermediate transfer member 1, UV ink 4
ejected from a liquid ejection head 3 is provided as a
modeling pattern, and is conveyed to the position of the
modeling table 8. On the modeling table 8, a modeling
pattern 4 as a structure in the process of formation is
already disposed in a stacked state and a state supported
by a support member 6. The support member 6 is injected
into a container 7 by a support filling mechanism 10. After
the stacking of layers of the modeling pattern is complet-
ed, the support member 6 can be removed by a support
removing mechanism 15. The support removing mech-
anism 15 may be provided inside the stacking modeling
apparatus, or the stacked layers of modeling pattern and
the support member 6 may be taken out of the stacking
modeling apparatus, and the support member 6 may be
removed using an external removing mechanism such
as a chamber of solvent.

[0013] After a modeling pattern is formed on the sur-
face of the intermediate transfer member 1, the modeling
pattern needs to be transferred. Therefore, the interme-
diate transfer member 1 can be made of a material having
a high releasability from the modeling material. If the ma-
terial of the intermediate transfer member 1 does not
have releasability, for example, if the modeling material
is transferred like the offset printing, an object can be
created. From the viewpoint of modeling accuracy, all of
the modeling material on the intermediate transfer mem-
ber 1 can be transferred.

[0014] In order to stably perform transfer, the interme-
diate transfer member 1 can have not a little elasticity.
Materials suitable as the intermediate transfer member
1 include silicone rubber and fluoro-rubber. Depending
on the modeling material used for patterning, sometimes
repelling occurs. Therefore, the intermediate transfer
member 1 can be surface-treated according to the mod-
eling material. The rubber hardness depends on the
thickness of the elastic body. When the elastic body is
thick, a hard rubber can be used. When the elastic body
is thin, a relatively soft rubber can be used. When the
elastic body is thick, a rubber having a hardness of about
80 degrees is suitable. When the intermediate transfer
member 1 is treated like a belt as in the apparatus in the
figures, arelatively soft rubber having a rubber hardness
of about 50 degrees to 20 degrees can be used in the
form of a thin film having a thickness of about 0.1 to 0.5
mm.

[0015] When a high accuracy is required, a non-elastic
polytetrafluoroethylene sheet or a film coated with a sub-
micron thickness of a mold release agent is suitable.
[0016] Inthe apparatus of Figs. 1A and 1B, an ejection
head having ejection ports that eject liquid is shown as
a unit for forming a modeling pattern on the intermediate
transfer member 1, and a method in which a modeling
material is ejected from the ejection head onto a desired
position is shown. However, the present invention is not
limited to this. Examples of other units include a digital
recording apparatus such as an electrophotographic de-
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vice or a dispenser. Patterns can be formed using a pat-
terning method using a printing plate, such as offset print-
ing or screen printing, while changing the printing plate
used. Patterns obtained by a method such as photoli-
thography or electrolytic plating can be used without any
problem. The patterning unit does not necessarily have
to be located in the stacking modeling apparatus. In the
present invention, patterns manufactured in an environ-
ment most suitable for each method and material can be
used. That is, the patterning unit can be selected based
on the material of the object and the modeling accuracy.
In particular, an inkjet, which can perform patterning in a
non-contact manner, is a very suitable patterning unit.
[0017] Layer-like modeling patterns are formed using
UV ink 4 as a molding material that is a material for for-
mation. UV ink is solidified by irradiating with ultraviolet,
and a lightweight and relatively strong object can be
made. Besides UV ink, hot melt ink and thermoset ink
are also suitable. In this method, as described above, a
patterning mechanism does not necessarily have to be
disposed in the stacking apparatus, and layer-like pat-
terns each layer of which is made using a different pat-
terning mechanism in the same model according to the
required accuracy and the material can also be stacked.
By disposing different color materials in a layer-like pat-
tern, a desired color of layer can be obtained. The mod-
eling material can be freely selected within the range of
application of the patterning unit used, and the patterning
unit can be selected according to the material that one
wants to use.

[0018] Here, Figs. 6A to 6F are schematic sectional
views for explaining a part of the manufacturing process
in the manufacturing apparatus of a structure according
to an embodiment of the present invention, and show the
same section as Fig. 1A. The object in the process of
formation shown in Figs. 6A to 6F is the same as that
shownin Figs. 1A and 1B but is simplified. The patterned
modeling material shown in Fig. 1A is conveyed by the
conveyance mechanism 2 onto the modeling table 8, is
aligned with the object in the process of formation by an
alignment unit (not shown), and is brought into a state
shown in Fig. 6A. Next, as shown in Fig. 6B, a stacking
unit including a modeling container 7, a modeling table
8, a raising and lowering mechanism 9, a support filling
mechanism 10, and a supportreceiver 11 moves upward
and comes into contact with the ink pattern 4.

[0019] The transfer surface 501 that comes into con-
tact with the ink pattern 4 is a plane formed by a modeling
pattern 502 that is a structure in the process of formation
prepared by being previously transferred and stacked,
and a support member 6 that is a solidified supporting
material. The transfer surface 501 is held at a position
lower than the upper end of the modeling container 7 by
one layer thickness by the raising and lowering mecha-
nism 9. The transfer surface 501 is raised until the upper
end of the modeling container 7 comes into contact with
the intermediate transfer member 1. The UV ink is sand-
wiched between two planes: the surface of the interme-
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diate transfer member 1 and the transfer surface 501,
and both the upper and lower surfaces of the UV ink are
planarized with a high degree of accuracy. Only the mod-
eling material is transferred at the time of stacking. There-
fore, the shape can be reproduced with a high degree of
accuracy without the effect of contraction or deformation
between different materials. The modeling material is
held in this state and is irradiated with ultraviolet light
from a UV lamp 12 (shown in Figs. 1A and 1B) disposed
as a hardening and bonding unit. The UV ink is hardened
with its surface planarized, is integrated with the previous
modeling pattern, and forms an expanded modeling pat-
tern 502. Hardening may be promoted by heat from the
heater 13.

[0020] Next, asshowninFig. 6C, a supporting material
5 for the support member is injected into the modeling
container 7 in a liquid state. The modeling container 7
has a shape surrounding the modeling table 8 and re-
stricts the filling range of the supporting material. The
supporting material automatically flows into a space
where the modeling pattern 502 does not exist, and there-
fore there is no need for alignment and layer thickness
restriction. It is only necessary to stop injection when the
space has been filled with the supporting material 5, just
before the supporting material 5 overflows.

[0021] The inner surface of the modeling container 7
needs to be prevented from adhering to the liquid sup-
porting material used, and is preferably coated with pol-
ytetrafluoroethylene or the like.

[0022] As a material of the support member 6, a liquid
material that is solidified by an external stimulus is suit-
able. In addition, a material that can be easily removed
from the object is suitable. External stimuli include heat,
light, electricity, magnetism, and vibration. In particular,
heat is easy to utilize the reversibility of the material.
When, for example, paraffin wax is used as a supporting
material 6, it can be injected at a temperature above the
melting point and can be solidified by lowering the tem-
perature below the melting point. If the melting point of
the supporting material is set below the melting point of
the modeling material, the support can be easily removed
by keeping the whole above the melting point of the sup-
porting material and below the melting point of the mod-
eling material for a predetermined length of time after the
modeling is completed.

[0023] The support can be injected using a normal lig-
uid moving method such as pressure injection or re-
duced-pressure suction. In order to prevent defective fill-
ing, it is effective to increase the flowability by heating
with the heater 13 as a temperature control mechanism,
or to assist filling by applying minute high-frequency vi-
bration with an ultrasonic vibrator or reducing the pres-
sure.

[0024] The injection of the supporting material can be
basically performed every time a layer is stacked but
sometimes need not be performed every time a layer is
stacked. When modeling a shape in which an overhang
does not exist, a support need not be used if the strength
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at the middle stage of modeling is sufficient.

[0025] When modeling an object having an overhang,
it is possible to stack layers without injecting support
when stacking layers of modeling material without an
overhang and to inject support for a plurality of layers at
a time when stacking layers having an overhang. In par-
ticular, when the layer thickness is small and the filling
of the supporting material is difficult, the supporting ma-
terial can be injected at intervals.

[0026] As shown in Fig. 6D, the supporting material 5
is solidified, is thereby integrated with the already formed
support member, and forms an expanded support mem-
ber 6.

[0027] Next, as shown in Fig. 6E, the intermediate
transfer member 1 is peeled and removed from the upper
surface 501. The support member 6 after solidification
can hold the modeling pattern, and therefore even an
isolated part forming an overhang can be fixed at a spec-
ified position. Therefore, the intermediate transfer mem-
ber 1 can be peeled after the support is solidified.
[0028] The upper surface 501 of the modeling pattern
exposed by peeling the intermediate transfer member 1
has been restricted by the surface of the intermediate
transfer member 1. Therefore, the support member 6 and
the modeling pattern 502 can form an even, and highly
accurately flat surface. This surface is moved by the rais-
ing and lowering mechanism 9 to a position lower than
the upper end of the modeling container 7 by one layer
thickness as shown in Fig. 6F in order to prepare to re-
ceive the next ink pattern in which ink is disposed in a
cross-section of the object. The peeling of the interme-
diate transfer member 1, the lowering of the stacking unit,
and the lowering of the transfer surface from the upper
end of the modeling container 7 may be performed in any
order.

[0029] In Figs. 1A and 1B, after the transfer of an ink
pattern is completed, the surface of the intermediate
transfer member 1 is cleaned by the cleaner 12 as need-
ed, and the intermediate transfer member 1 is repeatedly
used. However, the present invention is not limited to
this. The intermediate transfer member 1 may be dis-
posed after use, or may be recycled.

Second embodiment

[0030] Figs. 2A and 2B are schematic diagrams show-
ing an example of a stacking modeling apparatus that is
a manufacturing apparatus performing a manufacturing
method of an object that is a three-dimensional structure,
according to a second embodiment of the present inven-
tion. Fig. 2B is a perspective view of the whole apparatus,
and Fig. 2A is a sectional view of the apparatus taken
along line lIA-11A of Fig. 2B perpendicularly to the surface
of an intermediate transfer member 1.

[0031] The apparatus of Fig. 2 does not have therein
a patterning mechanism for forming an object. The stack-
ing unitincluding a modeling table 8 supporting a support
member 6 and an object, a raising and lowering mecha-
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nism 9, a modeling container 7, and an intermediate
transfer member 1 is the same as that of the first embod-
iment. The support filling mechanism 10, the support re-
ceiver 11, and the roller 2 are also the same as those of
the first embodiment.

[0032] In this embodiment, the modeling pattern 22
used can be made, for example, by partially applying
polyester resin onto the intermediate transfer member 1
using a separate screen printing apparatus and then
hardening the polyester resin. As the intermediate trans-
fer member 1, for example, a PET film thinly coated with
silicone rubber can be used.

[0033] The intermediate transfer member 1 on which
a patterned layer for forming an object is already provided
is setin the apparatus. Although an intermediate transfer
member 1 wound into a roll is shown in Fig. 2A and 2B,
sheet-like intermediate transfer members 1 stacked in
order may be supplied one by one from a sorter.

[0034] When, as described above, an apparatus that
patterns alayer to be an objectis separate from a stacking
apparatus, less wasteful operation can be performed if
the apparatuses differ in processing speed. In addition,
when patterns are subjected to inspection by an inspec-
tion apparatus for inspecting whether or not patterning
is properly performed, after patterning and before stack-
ing, the inspection can be performed efficiently.

[0035] In the apparatus of Figs. 2A and 2B, the layer-
like modeling pattern 22 on the intermediate transfer
member 1 is solidified, and a mechanism that applies
adhesive to the modeling pattern 22 in order to perform
bonding at the time of stacking is disposed. The modeling
pattern 22 comes into contact with the adhesive applica-
tion mechanism by the conveyance by the conveyance
mechanism, and passes over it, and adhesive is applied
to the surface of the modeling pattern 22.

[0036] Although the type of adhesive used is not limit-
ed, adhesive can be selected according to the material
of the object, based on indices such as contraction ratio
and adhesive strength. Although a roll coater is depicted
as an adhesive applicator, the present invention is not
limited to this, and a spray-type application mechanism
such as a spray can also be used.

[0037] When a spray is used, adhesive adheres to the
surface of the intermediate transfer member other than
the object. After the stacking is completed, and at the
stage of reliquefying and removing the support, the ad-
hesive is removed at the same time. However, when the
material of the support member is reused, the adhesive
needs to be separated by filtration or the like. In that re-
gard, a roll coater mechanism that can apply adhesive
only on the upper surface of the modeling pattern existing
like a protrusion is a suitable applicator.

[0038] The bonding method at the time of stacking is
not limited to application of adhesive. For example, it is
also possible to form a cross-sectional pattern of an ob-
ject from thermoplastic resin, to bring the pattern into a
molten state by heating at the time of stacking, and to
stack the pattern without using adhesive.
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[0039] The process of stacking is the same as that of
the first embodiment. After the transfer is completed, the
intermediate transfer member is rewound by a rewinding
mechanism 24, and is reused.

[0040] The greatest advantageous effect obtained by
the present invention is that, in each layer-like pattern,
there is no difference in thickness between the modeling
material and the material of the support member, and
very high thickness accuracy can be reproduced. An ob-
ject manufactured by this does not have any distortion
and is highly accurate.

[0041] Inthe above firstand second embodiments, the
intermediate transfer member 1 serves as a restricting
member that restricts the upper surfaces of the support
member 6 and the modeling pattern when expanding the
support member 6. However, a restricting member sep-
arate from the intermediate transfer member 1 may be
used. For example, in Figs. 6A to 6F, after the ink pattern
4 is transferred to the transfer surface 501 by the inter-
mediate transfer member 1 and the modeling pattern 502
is formed, the intermediate transfer member 1 may be
removed, and a restricting member separate from the
intermediate transfer member 1 may be brought into con-
tact with the upper surface of the modeling pattern 502.
After that, the supporting material 5 may be injected, and
a support may be formed while restricting the upper sur-
face of the support member 6 with the restricting member
so that the upper surface of the support member 6 is
coplanar with the upper surface 501 of the modeling pat-
tern.

[0042] Fig. 3 includes sectional views schematically
showing steps of each of an example of the manufactur-
ing method of a structure according to the first embodi-
ment of the present invention and a manufacturing meth-
od of a structure of a comparative embodiment, and il-
lustrates the effect of the thickness accuracy of the layer-
like patterns on the object. In Fig. 3, (a1) to (f1) show a
comparative embodiment, and (a2) to (e2) show a stack-
ing method according to an embodiment of the present
invention.

[0043] Fig.3(a1)shows a state where alayer-like mod-
eling pattern 302 is formed on a base material 301.
[0044] Next, asupportmember303isdisposedaround
the modeling pattern 302. This state is shown in Fig. 3
(b1). Next, the support member hardens and a volume
change is thereby caused. The volume change is expan-
sion or contraction depending on the material. In general,
contraction often occurs, and contraction is shown in the
explanatory diagrams. At this time, the surface is open,
and owing to the difference in contraction ratio between
the materials of the modeling pattern 302 and the support
member 303, as shown in Fig. 3 (c1), the upper surface
of the modeling pattern 302 differs from the upper surface
of the support member 303 in the height from the base
material 301.

[0045] Next, transfer is performed as shown in Fig. 3
(d1). The modeling pattern 302 is transferred together
with the support member 303 from the base material 301
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to another base material 304.

[0046] By repeating the above-described process, a
stacked object is formed. Since the thickness of each
layer varies greatly from part to part, the layers 302 of
modeling patterns are not aligned as desired as shown
in Fig. 3 (e2), and are stacked in a distorted state as
shown in Fig. 3 (f1).

[0047] On the other hand, the embodiment of the
present invention is as follows. A modeling pattern 202
is formed on a board member 201 (a2). Next, a board
member 204 is brought into contact with the surface of
the modeling pattern 202 on the side opposite to the base
material (b2). The material 203 of a support member is
injected between the board-like board member 201 and
the base material 204 (c2). The material of a support
member is hardened (d2). The board member 201 func-
tions as a restricting member that restricts the upper sur-
faces of the layer 202 of the modeling pattern and the
layer 203 of the support member. Therefore, the surfaces
of the layer of the support member and the layer of the
modeling pattern can be formed at the same height and
flat, and therefore a structure that does not have any
distortion is manufactured as shown in Fig. 3 (e2).
[0048] Fig. 4 shows an example of a control system of
the apparatus for modeling a three-dimensional object
of Figs. 1A and 1B. In the apparatus for modeling a three-
dimensional object as a structure manufacturing appa-
ratus, the whole of which is denoted by reference numeral
100, a CPU 101 is a main control unit of the entire system
and controls each sections. A memory 102 includes a
ROM storing a basic program of the CPU 101, and a
RAM used for storing object data 104 taken in through
an interface 103 and as a work area for data processing.
Upon receiving a modeling start signal, the CPU 101
starts the processing of converting the object data into
slice data output according to set conditions, and per-
forms communication for checking the states of the con-
veyance mechanism 2, inkjet 3, raising and lowering
mechanism 9, support filling mechanism 10, and cleaner
12. If modeling can be started, the conveyance mecha-
nism 2 and the raising and lowering mechanism 9 move
to predetermined positions based on the information of
the position detection 105, an ejection signal is sent to
the inkjet 3, and modeling starts. When the stacking of
layers to be a three-dimensional object is completed,
communication for checking the state of the removing
mechanism 15 is performed in order to remove the sup-
port member, and removal is started.

Third embodiment

[0049] Figs. 7A to 7E are schematic sectional views
showing steps of a manufacturing method of an object
according to a third embodiment of the present invention
viewed at the position of a cross-section. The cross-sec-
tions are taken at the same position as Figs. 5A to 5F
and 6A to 6F.

[0050] In this embodiment, after the stacking for form-
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ing a structure is completed, stacking of the next structure
is performed without removing the support member.
[0051] Fig. 7A shows the same state as the state
shown in Fig. 6F. Over the modeling table 8 in the mod-
eling container 7, modeling patterns 4 supported by a
support member 6 are stacked. In this embodiment, at
this stage, the stacking of modeling patterns 4 forming a
structure is completed.

[0052] Next, as shown in Fig. 7B, the intermediate
transfer member 1 and the modeling unit are moved clos-
er to each other, and a material 5 of support member is
injected so as to fill the space between the stacked mod-
eling patterns 4 and the intermediate transfer member 1.
[0053] The intermediate transfer member 1 is peeled,
and as shown in Fig. 7C, the layer of the modeling pattern
4 is buried in the support member 6.

[0054] Next, as shownin Fig. 7D, alayer of a modeling
pattern 1004 for making a new structure is provided on
the surface exposed by peeling the intermediate transfer
member 1. The next modeling pattern 1004 is stacked
thereon.

[0055] Afterthat, the expansion of the modeling pattern
1004 and the expansion of the support material 6 are
performed sequentially as shown in Fig. 7E. After that,
the support member 6 is removed by dissolving or the
like. Thus, two separate structures formed by stacking
modeling patterns 4 and 1004 can be obtained.

Example 1

[0056] An example of the present invention will be de-
scribed below.

[0057] The data of an object were preliminarily con-
verted into slice data with a given interlayer spacing. In
Example 1, slice data with a spacing of 25 micrometers
was used.

[0058] As an intermediate transfer member 1, a belt
made by forming a layer of fluoro-rubber (DAI-EL T530
manufactured by Daikin Industries, Ltd.) 150 microme-
ters in thickness on a PET film 50 micrometers in thick-
ness was used.

[0059] A pattern of UV ink was applied on the interme-
diate transfer member 1 using an inkjet unit according to
the first layer slice data of the object.

[0060] When only colored inks are used, the amount
of ink applied cannot be equalized. Therefore, the ink
volume was adjusted to a constant value using clear ink.
[0061] Ink application conditions

Liquid droplet size = 30 p1

Droplet application interval = 600 dpi
Amount of ink applied per address = 150 p1
Ink prescription

Pigment: 1 part

Black: carbon black

Cyan: pigment blue 15

Magenta: pigment red 7

Yellow: pigment yellow 74
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White: titanium oxide

Clear: microparticulate silica

Styrene-acrylic acid-copolymer of acrylic acid and
ethyl: 10 parts (acid value: 180, average molecular
weight: 4000)

Light curing resin: 20 parts

(water-soluble trifunctional acrylate)
[0062]

Photoinitiator: 2 parts

(water-soluble acylphosphine)

Diethylene glycol: 6 parts

Ethylene glycol: 3 parts

Surface active agent: 1 part (Acetylenol EH manu-
factured by Kawaken Fine Chemicals Co., Ltd.)
lon-exchanged water: The rest

[0063] The intermediate transfer member is transpar-
ent, and can receive hardening light emitted by a UV
lamp disposed inside, from the reverse side of the belt.
[0064] At the time of patterning, ink is irradiated rela-
tively strongly in order to prevent color mixture and ex-
cessive spread of ink. However, the amount of light was
adjusted so that flowability was kept until stacking.
[0065] As shown in Figs. 1A and 1B, while the ink pat-
tern 4 applied on the belt-like intermediate transfer mem-
ber 1 is conveyed by the intermediate transfer member
1, water in the ink is evaporated.

[0066] The stacking process will be described below
with reference to Figs. 5A to 5F. Figs. 5A to 5F are sche-
matic sectional views for explaining a part of the manu-
facturing process in the manufacturing apparatus of a
structure according to an embodiment of the present in-
vention, and show the same section as Fig. 1A.

[0067] In the stacking unit, before receiving the mod-
eling pattern 4, a support member was preliminarily
placed on the modeling table 8 (Fig. 5A). Thus, it became
easier to take out the object after the stacking is com-
pleted, and the gap between the intermediate transfer
member 1 and the transfer surface was able to be made
tidy.

[0068] The upper end of the modeling container 7 was
brought into contact with a part where there is no mod-
eling pattern 4 of ink, of the surface of the intermediate
transfer member 1 on which the ink pattern 4 is provided
(Fig. 5B). At this stage, the modeling pattern 4 on the
intermediate transfer member 1 was a semisolid having
a shape close to a hemisphere, the top thereof came into
contact with the support member on the modeling table,
and the modeling pattern 4 was compressed to 25 mi-
crometers while being planarized. In this state, irradiated
with light, and sandwiched between the intermediate
transfer member 1 and the solidified support material 6,
a slice pattern of the modeling pattern 4 was made.
[0069] With the modeling table 8 lowered by one layer
thickness, the space between the intermediate transfer
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member and the solidified support material was filled with
a support material heated to about 60 degrees Celsius
and melted (Paraffin wax 115 degrees Fahrenheit: com-
mercially available). In order to fill every corner, temper-
ature was controlled by a heater (not shown) on the re-
verse side of the intermediate transfer member 1, and
the flowability of the material 5 of support member was
maintained. At this time, a part of the pre-existing support
member melts. However, since the modeling pattern 4
is held by the intermediate transfer member 1, displace-
ment does not occur.

[0070] Afterthefilling of support material was complet-
ed, air was blown to cool, the material 5 of support mem-
ber was solidified, and the support 6 was expanded (Fig.
5D).

[0071] After that, the stacking unit was lowered and
the intermediate transfer member 1 was peeled and
thereby removed from the unit (Fig. 5E).

[0072] After that, the whole stacking unit was lowered,
and the intermediate transfer member 1 was peeled from
the ink pattern 4 (Fig. 5E). After that, the modeling table
8 was lowered (Fig. 5F).

[0073] After the ink pattern is transferred, the surface
of the intermediate transfer member is cleaned by a
cleaner, and the intermediate transfer member is used
repeatedly.

[0074] Thiswas repeated. After all of the layers of mod-
eling patterns were stacked, the temperature was raised
to 60 degrees Celsius, the support material melted, and
a colored structure was able to be taken out.

[0075] Inthefinished structure, peeling between layers
was not observed.

Claims
1. A manufacturing method of a structure comprising:

providing a stack of a first material layer (202)
to be a part of the structure and a restricting
member (201) wherein the first material layer
(202) is provided on a surface of the structure
in the process of formation, a part of the restrict-
ing member (201) is provided on a surface of
the first material layer (202) in reverse of the
surface of the structure in the process of forma-
tion, and the other part is provided above the
surface of the structure in the process of forma-
tion;

providing a support member (6, 203) by provid-
ing a material for forming a support member (6,
203) so as to fill a space between the restricting
member (201) and the surface of the structure
inthe process of formation, and then the material
for forming the support member (6, 203) is hard-
ened, with the restricting member (201) on the
surface of the first material layer (202) inreverse
of the surface of the structure in the process of
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formation;

removing the restricting member (201); and
providing a second material layer to be a part of
the structure on surfaces of the first material lay-
er (202) and the support member (6, 203) ex-
posed by removing the restricting member
(201).

The manufacturing method of a structure according
to Claim 1, wherein in the providing a stack of a first
material layer (202), the first material layer (202) is
provided in a state supported by the restricting mem-
ber (201), on the surface of the structure in the proc-
ess of formation.

The manufacturing method of a structure according
to Claim 2, further comprising ejecting a material for
forming the first material layer (202) from a liquid
ejection head configured to eject liquid from an ejec-
tion port to form the first material layer (202) on the
surface of the restricting member (201).

The manufacturing method of a structure according
to any one of Claims 1 to 3, wherein the providing of
the support member comprises injecting the material
for forming a support member (6, 203) to the space
between the restricting member (201) and the sur-
face of the structure in the process of formation, and
solidifying the material for forming the support mem-
ber (6, 203) with the restricting member (201) on the
surface of the first material layer (202) in reverse of
the surface of the structure in the process of forma-
tion.

The manufacturing method of a structure according
to any one of Claims 1 to 4, wherein the material for
forming the first material layer (202) contains resin.

The manufacturing method of a structure according
to any one of Claims 1 to 5, further comprising, after
the providing a second material layer to be a part of
the structure on surfaces of the first material layer
(202) and the support member (6, 203) exposed by
removing the restricting member (201), removing the
support member (6, 203).

The manufacturing method of a structure according
to any one of Claims 1 to 6, wherein the support
member (6, 203) is formed of a paraffin wax.

A manufacturing apparatus comprising:

a material layer providing unit configured to pro-
vide a stack of a first material layer (202) to be
a part of the structure and a restricting member
(201) wherein the first material layer (202) is pro-
vided on a surface of the structure in the process
of formation, a part of the restricting member
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10.

1.

12.

13.

(201) is provided on a surface of the first material
layer (202) in reverse of the surface of the struc-
ture in the process of formation, and the other
part is provided above the surface of the struc-
ture in the process of formation;

a support member providing unit configured to
provide a material for forming a support member
(6, 203) so as tofill a space between the restrict-
ing member (201) and the surface of the struc-
tureinthe process of formation, wherein the sup-
port member providing unit (10) is configured to
harden the material for forming the support
member (6, 203), with the restricting member
(201) on the surface of the first material layer
(202) in reverse of the surface of the structure
in the process of formation; and

a removing unit configured to remove the re-
stricting member (201),

wherein the material layer providing unit (10)
provides a second material layer to be a part of
the structure on surfaces of the first material lay-
er (202) and the support member (6, 203) ex-
posed by removing the restricting member (201)
by the removing unit.

The manufacturing apparatus according to Claim 8,
wherein the material layer providing unit provides
the first material layer (202) in a state supported by
the restricting member (201), on the surface of the
structure in the process of formation.

The manufacturing apparatus according to Claim 9,
further comprising a liquid ejection head configured
to ejectliquid from an ejection port, wherein the liquid
ejection head ejects a material for forming the first
material layer (202) to form the first material layer
(202) on the surface of the restricting member (201).

The manufacturing apparatus according to any one
of Claims 8 to 10, wherein the support member pro-
viding unitis configured to inject the material for form-
ing the support member (6, 203) to the space be-
tween the restricting member (201) and the surface
of the structure in the process of formation, and so-
lidifying the material for forming the support member
(6, 203) with the restricting member (201) on the sur-
face of the first material layer (202) in reverse of the
surface of the structure in the process of formation.

The manufacturing apparatus according to any one
of Claims 8 to 11, wherein the material for forming
the first material layer (202) contains resin.

The manufacturing apparatus according to any one
of Claims 8 to 12, further comprising a support mem-
ber removing unit configured to remove the support
member (6, 203).
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14. The manufacturing apparatus according to any one

of Claims 8 to 13, wherein the support member (6,
203) is formed of a paraffin wax.

Patentanspriiche

1.

Herstellungsverfahren flr eine Struktur, umfassend:

Bereitstellen eines Stapels aus einer ersten Ma-
terialschicht (202) als Teil der Struktur und eines
Begrenzungselements (201), wobei die erste
Materialschicht (202) auf einer Flache der Struk-
tur wahrend des Bildungsprozesses bereitge-
stellt wird, ein Teil des Begrenzungselements
(201) auf einer Flache der ersten Material-
schicht (202) entgegengesetzt zur Flache der
Struktur wahrend des Bildungsprozesses be-
reitgestellt wird, und der andere Teil oberhalb
der Flache der Struktur wahrend des Bildungs-
prozesses bereitgestellt wird;

Bereitstellen eines Stiitzelements (6, 203) durch
Bereitstellen eines Materials zum Bilden eines
Stltzelements (6, 203), um einen Raum zwi-
schen dem Begrenzungselement (201) und der
Flache der Struktur wahrend des Bildungspro-
zesses zu flllen, und anschlieRendes Harten
des Materials zum Bilden des Stiitzelements (6,
203), mit dem Begrenzungselement (201) auf
der Flache der ersten Materialschicht (202) ent-
gegengesetzt zur Flache der Struktur wahrend
des Bildungsprozesses;

Entfernen des Begrenzungselements (201),
und

Bereitstellen einer zweiten Materialschicht als
Teil der Struktur auf durch Entfernen des Be-
grenzungselements (201) freigelegten Flachen
der ersten Materialschicht (202) und des Stiitz-
elements (6, 203).

Herstellungsverfahren fir eine Struktur nach An-
spruch 1, wobei beim Bereitstellen eines Stapels aus
einer ersten Materialschicht (202) dieselbe in einem
durch das Begrenzungselement (201) gestiitzten
Zustand auf der Flache der Struktur wahrend des
Bildungsprozesses bereitgestellt wird.

Herstellungsverfahren fir eine Struktur nach An-
spruch 2, ferner umfassend das AusstoRen eines
Materials zum Bilden der ersten Materialschicht
(202) aus einem FlussigkeitsausstolRkopf, der kon-
figuriert ist, Flussigkeit aus einer AusstoRo6ffnung
auszustofRen, um die erste Materialschicht (202) auf
der Flache des Begrenzungselements (201) zu bil-
den.

Herstellungsverfahren fiir eine Struktur nach einem
der Anspriiche 1 bis 3, wobei das Bereitstellen des
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Stitzelements das Einspritzen des Materials zum
Bilden eines Stiitzelements (6, 203) in den Raum
zwischen dem Begrenzungselement (201) und der
Flache der Struktur wahrend des Bildungsprozesses
umfasst, und das Verfestigen des Materials zum Bil-
den des Stiutzelements (6, 203) mit dem Begren-
zungselement (201) auf der Flache der ersten Ma-
terialschicht (202) entgegengesetzt zur Flache der
Struktur wahrend des Bildungsprozesses.

Herstellungsverfahren fiir eine Struktur nach einem
der Anspriiche 1 bis 4, wobei das Material zum Bil-
den der ersten Materialschicht (202) Harz enthailt.

Herstellungsverfahren fiir eine Struktur nach einem
der Anspriiche 1 bis 5, ferner umfassend das Ent-
fernen des Stiitzelements (6, 203) nach dem Bereit-
stellen einer zweiten Materialschicht als Teil der
Struktur auf durch Entfernen des Begrenzungsele-
ments (201) freigelegten Flachen der ersten Mate-
rialschicht (202) und des Stiitzelements (6, 203).

Herstellungsverfahren fiir eine Struktur nach einem
der Anspriiche 1 bis 6, wobei das Stltzelement (6,
203) aus einem Paraffinwachs gebildet ist.

Herstellungsvorrichtung, umfassend:

eine Materialschichtbereitstellungseinheit, die
konfiguriert ist, einen Stapel aus einer ersten
Materialschicht (202) als Teil der Struktur und
einem Begrenzungselement (201) bereitzustel-
len, wobei die erste Materialschicht (202) auf
einer Flache der Struktur wahrend des Bildungs-
prozesses bereitgestellt wird, ein Teil des Be-
grenzungselements (201) auf einer Flache der
ersten Materialschicht (202) entgegengesetzt
zur Flache der Struktur wahrend des Bildungs-
prozesses bereitgestellt wird, und der andere
Teil oberhalb der Flache der Struktur wahrend
des Bildungsprozesses bereitgestellt wird;

eine Stitzelementbereitstellungseinheit, die
konfiguriert ist, ein Material zum Bilden eines
Stiitzelements (6, 203) bereitzustellen, um ei-
nen Raum zwischen dem Begrenzungselement
(201) und der Flache der Struktur wahrend des
Bildungsprozesses zu fiillen, wobei die Stitze-
lementbereitstellungseinheit (10) konfiguriert
ist, das Material zum Bilden des Stiitzelements
(6, 203) zu harten, mit dem Begrenzungsele-
ment (201) auf der Flache der ersten Material-
schicht (202) entgegengesetzt zur Flache der
Struktur wahrend des Bildungsprozesses; und
eine Entfernungseinheit, die konfiguriertist, das
Begrenzungselement (201) zu entfernen,

wobei die Materialschichtbereitstellungseinheit
(10) eine zweite Materialschicht als Teil der
Struktur auf durch Entfernen des Begrenzungs-
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elements (201) durch die Entfernungseinheit
freigelegten Flachen der ersten Materialschicht
(202) und des Stitzelements (6, 203) bereit-
stellt.

Herstellungsvorrichtung nach Anspruch 8, wobeidie
Materialschichtbereitstellungseinheit die erste Ma-
terialschicht (202) in einem durch das Begrenzungs-
element (201) gestiitzten Zustand aufder Flache der
Struktur wahrend des Bildungsprozesses bereit-
stellt.

Herstellungsvorrichtung nach Anspruch 9, ferner
umfassend einen FlissigkeitsausstolRkopf, der kon-
figuriert ist, Flussigkeit aus einer AusstoRo6ffnung
auszustofRen, wobei der FlissigkeitsausstolRkopf
ein Material zum Bilden der ersten Materialschicht
(202) ausstoft, um die erste Materialschicht (202)
auf der Flache des Begrenzungselements (201) zu
bilden.

Herstellungsvorrichtung nach einem der Anspriiche
8 bis 10, wobei die Stlitzelementbereitstellungsein-
heitkonfiguriertist, das Material zum Bilden des Stit-
zelements (6, 203) in den Raum zwischen dem Be-
grenzungselement (201) und der Flache der Struktur
wahrend des Bildungsprozesses einzuspritzen, und
wobei das Material zum Bilden des Stltzelements
(6, 203) mit dem Begrenzungselement (201) auf der
Flache der ersten Materialschicht (202) entgegen-
gesetzt zur Flache der Struktur wahrend des Bil-
dungsprozesses verfestigt wird.

Herstellungsvorrichtung nach einem der Anspriiche
8 bis 11, wobei das Material zum Bilden der ersten
Materialschicht (202) Harz enthalt.

Herstellungsvorrichtung nach einem der Anspriiche
8 bis 12, ferner umfassend eine Stlitzelemententfer-
nungseinheit, die konfiguriert ist, das Stiitzelement
(6, 203) zu entfernen.

Herstellungsvorrichtung nach einem der Anspriiche
8 bis 13, wobei das Stlitzelement (6, 203) aus einem
Paraffinwachs gebildet ist.

Revendications

1.

Procédé de fabrication d’'une structure, consistanta :

fournir un empilement d’'une premiére couche
de matériau (202) devant faire partie de la struc-
ture et d’'un élément de limitation (201), la pre-
miére couche de matériau (202) étant disposée
sur une surface de lastructure lors du processus
de formation, une partie de I'élément de limita-
tion (201) étant disposée sur une surface de la
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premiere couche de matériau (202) a l'inverse
de la surface de la structure lors du processus
de formation, et 'autre partie étant disposée au-
dessus de la surface de la structure lors du pro-
cessus de formation ;

fournir un élément de support (6, 203) en four-
nissant un matériau permettant de former un
élément de support (6, 203) afin de remplir un
espace situé entre I'élément de limitation (201)
et la surface de la structure lors du processus
de formation, puis durcir le matériau pour former
I'élément de support (6, 203), I'élément de limi-
tation (201) se trouvant sur la surface de la pre-
miéere couche de matériau (202) a l'inverse de
la surface de la structure lors du processus de
formation ;

enlever I'élément de limitation (201) ; et
fournir une deuxiéme couche de matériau de-
vant faire partie de la structure sur les surfaces
de la premiéere couche de matériau (202) et de
I'élément de support (6, 203) exposées par I'en-
levement de I'élément de limitation (201).

Procédé de fabrication d’'une structure selon la re-
vendication 1, dans lequel, lors de la fourniture d’un
empilement d’'une premiére couche de matériau
(202), la premiere couche de matériau (202) est dis-
posée, dans un état dans lequel elle est supportée
par I'élément de limitation (201), sur la surface de la
structure lors du processus de formation.

Procédé de fabrication d’'une structure selon la re-
vendication 2, consistant en outre a éjecter un ma-
tériau destiné a former la premiére couche de ma-
tériau (202) a partir d'une téte d’éjection de liquide
configurée pour éjecter un liquide depuis un orifice
d’éjection afin de former la premiére couche de ma-
tériau (202) sur la surface de I'élément de limitation
(201).

Procédé de fabrication d’'une structure selon l'une
quelconque des revendications 1 a 3, dans lequel la
fourniture de I'élément de support consiste a injecter
le matériau destiné a former un élément de support
(6, 203) dans I'espace situé entre I'élément de limi-
tation (201) et la surface de la structure lors du pro-
cessus de formation, et a solidifier le matériau des-
tiné a former I'’élément de support (6, 203), I'élément
de limitation (201) se trouvant sur la surface de la
premiere couche de matériau (202) a l'inverse de la
surface de la structure lors du processus de forma-
tion.

Procédé de fabrication d’'une structure selon l'une
quelconque des revendications 1 a 4, dans lequel le
matériau destiné aformer la premiére couche de ma-
tériau (202) contient une résine.
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Procédé de fabrication d’'une structure selon I'une
quelconque des revendications 1 a 5, consistant en
outre, aprés avoir disposé une deuxiéme couche de
matériau devant faire partie de la structure sur les
surfaces de la premiere couche de matériau (202)
et de I'élément de support (6, 203) exposées par
I'enlevement de I'élément de limitation (201), a en-
lever I'élément de support (6, 203) .

Procédé de fabrication d’'une structure selon I'une
quelconque des revendications 1 a 6, dans lequel
I'élément de support (6, 203) est formé d’une cire de
paraffine.

Appareil de fabrication comprenant :

une unité de fourniture de couche de matériau
configurée pour fournir un empilement d’'une
premiére couche de matériau (202) devant faire
partie de la structure et d’'un élément de limita-
tion (201), la premiére couche de matériau (202)
étant disposée sur une surface de la structure
lors du processus de formation, une partie de
I'élément de limitation (201) étant disposée sur
une surface de la premiére couche de matériau
(202) a linverse de la surface de la structure
lors du processus de formation, et I'autre partie
étant disposée au-dessus de la surface de la
structure lors du processus de formation ;

une unité de fourniture d’élément de support
configurée pour fournir un matériau destiné a
former un élément de support (6, 203) afin de
remplir un espace situé entre I'élément de limi-
tation (201) et la surface de la structure lors du
processus de formation, puis durcir le matériau
pour former I'élément de support (6, 203), I'élé-
ment de limitation (201) et la surface de la struc-
ture lors du processus de formation, I'unité de
fourniture d’élément de support (10) étant con-
figurée pour durcir le matériau destiné a former
I'élément de support (6, 203), I'élément de limi-
tation (201) se trouvant sur la surface de la pre-
miére couche de matériau (202) a I'inverse de
la surface de la structure lors du processus de
formation ; et

une unité d’enlévement configurée pour enlever
I'élément de limitation (201),

dans lequel l'unité de fourniture de couche de
matériau (10) fournit une deuxiéme couche de
matériau devant faire partie de la structure sur
des surfaces de la premiere couche de matériau
(202) et de I'élément de support (6, 203) expo-
sées parl’enlévement de I'élément de limitation
(201) par l'unité d’enlévement.

9. Appareil de fabrication selonlarevendication 8, dans

lequel I'unité de fourniture de couche de matériau
fournit la premiére couche de matériau (202) dans
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un état dans lequel elle est supportée par I'élément
de limitation (201), sur la surface de la structure lors
du processus de formation.

Appareil de fabrication selon larevendication 9, com-
prenant en outre une téte d’éjection de liquide con-
figurée pour éjecter un liquide depuis un orifice
d’éjection, dans lequel la téte d’éjection de liquide
éjecte un matériau destiné a former la premiére cou-
che de matériau (202) afin de former la premiere
couche de matériau (202) sur la surface de I'élément
de limitation (201).

Appareil de fabrication selon I'une quelconque des
revendications 8 a 10, dans lequel 'unité de fourni-
ture d’élément de support est configurée pour injec-
ter le matériau destiné a former I'élément de support
(6, 203) dans I'espace situé entre I'élément de limi-
tation (201) et la surface de la structure lors du pro-
cessus de formation, et pour solidifier le matériau
destiné a former I'élément de support (6, 203), I'élé-
ment de limitation (201) se trouvant sur la surface
de la premiere couche de matériau (202) a l'inverse
de la surface de la structure lors du processus de
formation.

Appareil de fabrication selon I'une quelconque des
revendications 8 a 11, dans lequel le matériau des-
tiné a former la premiére couche de matériau (202)
contient une résine.

Appareil de fabrication selon I'une quelconque des
revendications 8 a 12, comprenant en outre une uni-
té d’enlévement d’élément de support configurée
pour enlever I'élément de support (6, 203).

Appareil de fabrication selon I'une quelconque des
revendications 8 a 13, dans lequel I'élément de sup-
port (6, 203) est formé d’une cire de paraffine.
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[Fig. 2A]

[Fig. 2B]
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[Fig. 3]
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[Fig. 4]
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[Fig. 6B]

[Fig. 6C]

[Fig. 6D]

[Fig. 6E]

[Fig. 6F]

[Fig. 7A]
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[Fig. 7B]

[Fig. 7C]

[Fig. 7D]

[Fig. 7E]
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